3 Introduction
The governance role of institutional investors, particularly mutual funds, in monitoring managerial actions and improving firm performance has been well documented in the literature that covers developed countries (e.g., Cornett et al. 2007; Del Guercio and Hawkins 1999; McConnell and Servaes 1990; Nesbitt 1994; Smith 1996) , however, limited work has been devoted to major emerging economies such as China. The few studies that have been carried out to examine the monitoring role of mutual funds in China provide mixed evidence. and Firth et al. (2016) report that mutual funds may enhance firm value and reduce agency costs in China. Nonetheless, using the split share structure reform 1 as a research setting, Firth et al. (2010) show that mutual funds work together with the Chinese government to assist state-owned firms to complete the reform more quickly and at a relatively lower cost, instead of acting to maximize the returns to their unit holders. Ding et al. (2016) suggest that the presence of mutual funds hampers earnings informativeness of Chinese listed companies. Both Firth et al. (2010) and Ding et al. (2016) indicate that mutual funds are not yet capable of acting as an effective monitor in the Chinese stock markets. Such evidence is in sharp contrast to the effective monitoring role of mutual funds in developed countries as documented in the extant literature.
In the US, firms are normally characterized by dispersed ownership, a trait that has been observed to lead to the agency problem between firm managers and shareholders (e.g., Berle and Means 1932; Gul et al. 2010; Jensen and Meckling 1976) . In contrast to the US situation, Chinese firms normally have concentrated ownership and, therefore, the central agency problem emanates from the controlling shareholders using their power to expropriate minority shareholders, a phenomenon commonly referred to as 'tunneling' (Johnson et al. 2000) or 'self-dealing' (Djankov et al. 2008) . Such tunneling activities have been observed to have a significant detrimental effect on Chinese firms' performance (see Cheung et al. 2006; Jiang et al. 2010; Wang and Xiao 2011) .
Since 2000, the major regulatory efforts have been made by China to spur the development of mutual funds, hoping to strengthen corporate governance and help stabilize the Chinese stock markets (China Securities Regulatory Commission (CSRC) 2000). Consequently, mutual funds have been promoted as the largest and most important type of institutional investor in the Chinese stock markets. As pointed out earlier, improvements in corporate governance including the eradication of tunneling behavior could be made through the active involvement of mutual funds. However, our knowledge on whether this is actually the case in China is still limited. Although two commendable studies that attempt to fill this void are by and Gao and Kling (2008) , they do not consider the possible entrenched effects arising from mutual fund ownership concentration and only examine the monotonic predictions on the monitoring role of mutual funds.
In our study, we conjecture that the monitoring effects of mutual funds on constraining tunneling behavior of controlling shareholders and improving firm performance are 1 3 non-linear. Our argument is based on two theoretical lenses, namely shareholder activism theory and the private benefits hypothesis. We also consider the distinctive institutional features in China, including a high level of ownership concentration, underdeveloped legal system and weak governance mechanisms in the mutual fund industry.
Below we structure our motivations in three aspects. First, motivated by Mehran and Stulz's (2007) argument that financial institutions including mutual funds have complex incentives, face conflicts of interests and political pressure, and thus do not always serve as an effective monitor, we base our prediction on two competing arguments about mutual funds. On the one hand, mutual funds have the investment expertise, sophisticated skills and incentives to monitor managerial behavior and act as the representatives of minority shareholders, with the goal to maximize the value of the shares they hold (e.g., Yuan et al. , 2009 ). Relative to other institutional shareholders such as banks, insurance companies and securities companies, mutual funds have a greater exit threat of selling their shares (Aggarwal et al. 2015; Duan and Jiao 2016; Firth et al. 2016) . Therefore, mutual funds act as an effective external corporate governance mechanism in their invested firms. On the other hand, mutual funds with concentrated ownership in their invested firms may care more about their own interests and wealth (Barclay et al. 1993) , and are passive in playing a monitoring role (Bhojraj and Sengupta 2003; Kim 1993; Velury and Jenkins 2006) . As they would face higher exit costs, they are more likely to collude with the managers or controlling shareholders in order to preserve their private interests instead of threatening to exit. 2 Similarly, Firth et al. (2010) argue that mutual funds are more prone to agency problems in China relative to their counterparts in the US, and suggest that mutual funds do not act as a guardian to protect individual (minority) investors during the split share structure reform. We assume that the above two competing views are not mutually exclusive, and conjecture that the monitoring role of mutual funds is likely to vary as mutual fund ownership increases.
Second, China has a unique ownership structure where the presence of the dominant/ controlling shareholder in corporations is prevalent. 3 Moreover, contrary to the developed countries' context, the legal environment in China is underdeveloped and the protection of minority shareholders is weak, which leads to the controlling shareholders gaining large private benefits from tunneling (Allen et al. 2005; Firth et al. 2007b; Shleifer and Vishny 1997) . 4 In addition, the existence of the split share structure of Chinese firms further promotes the tunneling activities of controlling shareholders as the movement of share prices has little effect on the wealth of controlling shareholders who hold non-tradable shares (Berkman et al. 2009; Jiang et al. 2010; Li 2010) . As a consequence, the prevalence of tunneling is a distinct feature in China (Jiang et al. 2010) . Given that the Chinese stock markets have significantly different institutional environments (e.g., on the aspects of ownership concentration, legal systems and investor protection) from those of developed 2 The mutual fund ownership in a Chinese firm can be large. For example, Firth et al. (2016) report that the largest mutual fund ownership in a firm in their sample is 66.5%. In this firm, the largest 10 shareholders include nine mutual funds. Also, Firth et al. (2010) point out that mutual funds frequently appear among the top 10 shareholders of many listed firms in China. 3 Highly concentrated ownership is prevalent among Chinese listed firms, with 40% of shares held by the largest shareholders (Allen et al. 2005) . 4 La Porta et al. (1998) emphasize the importance of the legal system for protecting minority shareholders from expropriation by controlling shareholders. 1 3 countries, conclusions drawn from previous research using the US data may not be directly applicable to China. 5 Third and most importantly, compared with the mutual funds industry in the US, the governance mechanism in the Chinese mutual funds industry is much weaker. In developed countries, it is generally believed that mutual funds represent an effective monitoring party that fights hard to maximize firm performance and benefit the small individual investors. Although China has developed a thriving mutual funds industry that does not exist in many other developing countries; nonetheless, the mutual fund industry in China lacks the necessary governance structure as well as voting right policy of mutual funds to ensure strong legal protection for minority investors (Firth et al. 2010; Huang 2006) . More specifically, different from the mutual fund industry in the US, fund investors in China are simply the contractual and beneficial owners of mutual funds with few voting rights. It is difficult to remove a fund manager as no board of directors is in place to act as a fund governance mechanism in the Chinese mutual fund industry. Additionally-and more importantlymutual funds in China are not required to disclose the information regarding their votes. 6 Given the institutional environment setting of the Chinese stock markets and much weaker governance system in the Chinese mutual fund industry, we postulate that after a concentrated shareholding of mutual funds reaches a certain level, Chinese mutual funds may shift their attention to their own private interests. The effectiveness of their monitoring over controlling shareholders can be weakened as they may need to collude with controlling shareholders in order to pursue their own interests. Barclay et al. (1993) document a wide range of private benefits that are peculiar to mutual funds in various forms including pecuniary benefits (e.g., below-market transfer prices, preventing the opening of closed-end funds, etc.), underwriting or advisory contracts, and non-pecuniary benefits (e.g., access to private information, the influence on the political, social, or environmental policies of the firms, etc.). Consequently, we conjecture that the relationship between mutual fund ownership and tunneling of controlling shareholders is nonlinear (i.e. concave).
For these reasons, we take a novel approach in explaining the governance role of mutual funds in Chinese firms. Moreover, we investigate the moderating effect of mutual fund ownership on the relationship between tunneling and performance of Chinese public listed companies. We conduct our empirical investigation using 15,131 firm-year observations over the sample period between 2003 and 2014. Following Jiang et al. (2010) , Li (2010) and Liu and Lu (2007) , tunneling behavior is measured by other receivables divided by total assets, which allows us to obtain a large number of observations. However, we also follow Ye (2006) and Wang and Xiao (2011) and use a more conservative measure of tunneling activities-i.e. other receivables of controlling shareholders divided by total assets, as a robustness check. Regarding firm performance, we employ five different measures including return on assets (ROA), return on equities (ROE), Tobin's Q, returns on sales (ROS) and an operating performance indicator (OPINC_MV).
As opposed to the linear relationship discovered in the previous literature, we find a U-shaped association between mutual fund ownership and tunneling activities of controlling shareholders, and an inverted U-shaped association between mutual fund ownership and firm performance. The non-linear relationships imply that mutual funds can play a monitoring role by effectively constraining controlling shareholders' tunneling behavior 5 The differences of institutional environments between Chinese stock markets and US stock markets are also well documented in prior literature (e.g., Lai and Tam 2017; Guo 2016) . 6 More detailed discussion is given in Sect. 2.2.
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and in turn enhancing firm performance. However, beyond a certain level of mutual fund ownership, where mutual funds are more likely to collude with the controlling shareholders of their invested firms in order to preserve their private interests, mutual fund ownership is positively associated with tunneling and negatively associated with firm performance. These are consistent with our expectation and may result from the distinctive institutional features in China, including a high level of ownership concentration, underdeveloped legal system, and weak governance mechanisms in the mutual fund industry.
In addition, we investigate the moderating effect of mutual fund ownership and find that mutual funds enhance firm value more when a firm suffers from heavier tunneling, while concentrated mutual fund ownership elevates agency issues including tunneling and diminish firm performance. Our results are robust to alternative performance and tunneling measures, and a variety of approaches to deal with endogeneity. Therefore, we conclude that mutual funds are an effective guardian of minority investors to mitigate tunneling behavior and enhance firm value, as long as their ownership does not exceed a certain threshold, while concentrated mutual fund ownership may increase agency costs and weaken firm performance in the emerging market context.
Our research contributes to the literature by directly and comprehensively examining the roles that mutual funds play in restraining the controlling shareholders' tunneling behavior and whether mutual funds can improve firm performance via their impact on tunneling activities. Our non-linear theoretical predictions on the monitoring role of mutual funds extend the prior literature that is based upon the linear predictions. Our study also contributes to the debate about the promotion of mutual funds as an external monitor in China. It is timely given that the Chinese government has made a great deal of regulatory effort to develop mutual funds, and continues to do so. Our finding of the non-linear monitoring role of mutual funds provides new insights to policy makers and regulators on the corporate governance role of mutual funds in China. The study can lend empirical evidence to other emerging markets where the agency issue of tunneling arises from similar market features to those of China. 7 2 Institutional background
Tunneling in China
In the early 1990s, the Chinese government established Shanghai and Shenzhen Stock Exchanges in order to privatize its state-owned enterprises (SOEs) and to introduce some elements of market discipline on top management of these firms. In the meantime, the government retained substantial ownership and maintained its control in many of these listed firms (Chen et al. 2008 ). As such, common stocks are classified into tradable and non-tradable shares. Most of the shares owned by the controlling shareholders belong to the nontradable shares category. As the trading of these shares is highly restricted, the controlling shareholders enjoy limited benefits of share price appreciation, and thus, are motivated to seek benefits through other channels. In addition to the fact that the Chinese stock markets have under-developed legal and regulatory systems and lack effective corporate governance 7 The examples for the studies examining other emerging markets that share similar market features to those of China include Tee et al. (2019) and Ting (2013) .
1 3 mechanisms to protect individual investors from insider misconduct, the Chinese stock market environment is highly conducive to tunneling (e.g., Jiang et al. 2010) . Berkman et al. (2009) report that the controlling shareholders in the Chinese listed firms expropriate wealth from minority shareholders through loan guarantees to related parties. Jiang et al. (2010) suggest that inter-corporate loans are used by controlling shareholders as a tool to tunnel from listed companies in China.
To solve the issue of non-tradable shares, the Chinese government initiated the split share structure reform in 2005 to transfer non-tradable shares to tradable shares. 8 This reform is expected to reduce the tunneling behavior of the controlling shareholders as they will be able to profit from capital gains and their wealth will be subject to the movement of their share prices after the reform. However, controlling shareholders in the SOEs still have strong incentives to engage in tunneling after the reform. Instead of the pure profit maximization focus, the SOEs have other social objectives such as to provide job opportunities, to directly control strategically important industries, and to divert private benefits. As a consequence, controlling shareholders in the SOEs have a natural tendency to tunnel from their listed firms (Peng et al. 2011) . Moreover, Liu and Tian (2012) suggest that for the non-SOEs, the controlling shareholders with excess control rights conduct tunneling rather than investing in new positive NPV projects, although the degree of tunneling has lessened after the split share structure reform. Huang (2016) finds that Chinese listed firms increase tunneling after the enterprise income tax reform in 2008.
Mutual funds in China
Most Chinese public firms have a dominant controlling shareholder (either state or private), 9 leaving minority shareholders little opportunity to have a direct influence on managerial actions. By pooling the investments of diffuse individual investors, mutual funds become a potentially important corporate governance mechanism to protect minority investors from expropriation by controlling shareholders. In light of this, the CSRC has made substantial regulatory efforts since 2000 to promote mutual funds. According to the CSRC statistics, the mutual funds industry has experienced explosive development, with the number of mutual funds increasing from 218 in 2005 to 1897 in 2014, and the net asset value of the mutual fund industry increasing from around RMB 469 billion in 2005 to around RMB 4535 billion in 2014. 10 The level of mutual fund ownership in China is also comparable to that in the US . Huang (2006) and Firth et al. (2010) discuss the ways mutual funds are organized and governed in China and how this differs from their US counterparts. The main features are summarized below. Unlike the corporate-form mutual funds that prevail in the US markets, in the Chinese markets, all mutual funds are contractual-form funds whereby investors sign a contract with a fund management firm such that fund investors (i.e., unit holders) become the beneficial owners of the fund (Lu 2006) . In contrast to the US, there is no board of 1 3 directors to act as a fund governance body in China, which makes it difficult to remove a mutual fund manager. In addition, fund investors have fewer voting rights in China. In the situation that fund investors enjoy the voting rights, in reality, the rights are difficult to exercise due to stringent conditions that have to be met according to the law. Also, contrary to their counterparts in the US, Chinese mutual funds are not required to disclose information relating to their votes. Hence, it is not transparent whether the mutual funds vote in a way that suits the best interests of the fund investors. Despite the explosive growth of the mutual funds industry in China, the interests of mutual funds may not always align with those of the minority shareholders, and sometimes the two may diverge significantly. Consequently, mutual funds are more prone to agency problems in China than in the US.
Theories and hypothesis development
Drawing on two contrasting theoretical lenses, the corporate governance role of institutional ownership has been studied extensively for many years. First, under the shareholder activism theory, Shleifer and Vishny (1986) , Smith (1996) , and Aggarwal et al. (2011) , amongst many other studies, link (certain types of) institutional ownership to various measures for corporate performance, and report that a high level of institutional ownership can increase shareholders' wealth. In the same vein, Chung et al. (2002) , Ramalingegowda and Yu (2012) and Sakaki et al. (2017) find that firms with higher institutional ownership shareholdings or stability conduct less earnings management, or report their accounts in a more conservative manner. 11 The monitoring role of institutional investors is also documented in the contexts of auditing (e.g., Lim et al. 2013 ) and the price informativeness (e.g., Luo et al. 2014) .
Second, a relatively smaller body of literature, drawing on the private benefit hypothesis, suggests that concentrated institutional ownership (block ownership) promotes rather than mitigates agency issues. Heflin and Shaw (2000) find that concentrated institutional ownership is positively associated with information asymmetry, and Bhojraj and Sengupta (2003) report that concentrated institutional ownership has a negative impact on bond ratings and yields. Velury and Jenkins (2006) argue that concentrated institutional ownership may reduce earnings quality. Barclay et al. (1993) document a wide range of private benefits that are peculiar to mutual funds in various forms including pecuniary benefits (e.g., below-market transfer prices, preventing the opening of closed-end funds, etc.), underwriting or advisory contracts, and non-pecuniary benefits (e.g., access to private information, the influence on the political, social, or environmental policies of the firms, etc.). Therefore, despite being in a powerful position to influence managers or controlling shareholders, in order to preserve their private benefits, mutual funds with concentrated ownership are likely to collude with managers or controlling shareholders when facing agency issues.
Consequent to the aforementioned arguments, our initial hypotheses test the non-linear monitoring role of mutual funds by combining the shareholder activism theory and the private benefit hypothesis, which infers that mutual funds are an effective corporate governance mechanism when their ownership is below a certain threshold. However, due 1 3 to the distinctive institutional settings in China, including a high level of ownership concentration, underdeveloped legal system, and weak governance mechanisms in the mutual fund industry, when mutual fund ownership passes above the threshold, mutual funds are more likely to collude with controlling shareholders in order to preserve their self-interests instead of protecting minority shareholders in the Chinese stock markets. In light of the above arguments, we propose the following associations between mutual fund ownership, tunneling, and firm performance. First, we investigate the impact of mutual fund ownership on tunneling behavior. We conjecture that greater mutual fund ownership is associated with less tunneling of controlling shareholders, but greater concentrated mutual fund ownership is associated with more tunneling.
H1
The association between mutual fund ownership and tunneling follows a convex relation (U shape), as the level of mutual fund ownership increases.
Second, we examine the association between mutual funds and firm performance. We argue that, under (above) certain thresholds for mutual fund ownership, a positive (negative) association is expected between mutual fund ownership and firm performance.
H2
The association between mutual fund ownership and firm performance follows a concave (inverted-U) relation, as the level of mutual fund ownership increases.
Third, we examine the interaction effects of mutual funds and tunneling on firm performance. If mutual funds are an effective corporate governance mechanism, it will play a bigger role in firms that suffer from heavier tunneling, as reflected by a stronger association between mutual fund ownership and firm performance within such firms relative to others. However, concentrated mutual fund ownership will elevate the agency issue of tunneling activities of controlling shareholder but diminish firm performance, as reflected by a weaker association between mutual fund ownership and firm performance for firms with more tunneling activities. Therefore, we propose the following hypotheses:
H3 (a)
The incremental effect of mutual fund ownership on firm performance is stronger for firms with heavier tunneling behavior.
H3 (b)
The incremental effect of mutual fund ownership on firm performance is weaker for firms with heavier tunneling behavior when mutual fund ownership is higher than a certain level (i.e., follows a concave (inverted-U) relation), as the level of mutual fund ownership increases.
Methodology

Logistic models
To investigate our first hypothesis (H1) on the association between mutual fund ownership and tunneling, we adopt the following logistic model:
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The dependent variable, DTUL, is the likelihood of heavy tunneling behavior conducted by the controlling shareholders. It is equal to 1 if a firm's tunneling activities, TUL, are equal to or above the average value of TUL of all firms in the current year, and 0 otherwise. Following Jiang et al. (2010) and Li (2010) , TUL is measured by other receivables divided by total assets. Following , mutual fund ownership INS_PER is measured in two ways: the percentage of mutual funds in total common shares at the year-end (i.e., MF_PER) and the ratio of the market value of mutual funds-held shares to the total market value of a firm at the year-end (i.e., MF_MV_PER). INS_PER_2 is the squared value of INS_PER. We expect a negative coefficient on INS_PER ( 1 < 0) and a positive coefficient on INS_PER_2 ( 2 > 0) if a convex association between mutual fund ownership and the tunneling behavior holds as the level of mutual fund ownership increases.
Based upon the findings of Berkman et al. (2009 ), Jiang et al. (2010 , and Wang and Xiao (2011), we include a set of control variables such as the lag value of return-on-assets (ROA_LAG), leverage (LEVERAGE), the book-to-market ratio (BM), and firm size (FIRM-SIZE). We further control for two items in Eq. (1) including the percentage of shares held by controlling shareholders (Top_1) 12 and a dummy indicating whether a firm's largest shareholder is the state or not (STATE). 13
Multivariate models
To test our second hypothesis (H2) on the association between mutual fund ownership and firm performance, we estimate the following regression:
Regarding our hypotheses (H3 (a) and H3 (b)) on the incremental effect of mutual fund ownership on the relationship between tunneling and firm performance, we construct the following regression model:
The evidence regarding the impact of controlling shareholder ownership on tunneling is mixed in the literature. La Porta et al. (2002) and Claessens et al. (2002) suggest that controlling shareholders with higher cash-flow rights engage in less tunneling than others. Berkman et al. (2009) and Peng et al. (2011) do not report a significant coefficient on the controlling shareholder ownership in their study of China. 13 Jian and Wong (2010) demonstrate that state-owned firms are more likely to pursue their own benefits by expropriating from minority shareholders. On the contrary, Jiang et al. (2010) find that state-owned firms are less likely to tunnel. In addition, Jiang et al. (2010) and Wang and Xiao (2011) report that the state dummy has no significant impact on tunneling.
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We adopt five firm performance measures that are commonly used in the literature; these are (1) ROA (earnings before interests and tax divided by total assets), (2) ROE (total profit divided by book value of equity), (3) Tobin's Q (market value of assets over book value of assets), (4) ROS (earnings before interests and tax divided by net sales), and (5) OPINC_MV (operating income divided by market value of assets). 14 We expect a positive coefficient on INS_PER ( 1 > 0) and a negative coefficient on INS_ PER_2 ( 2 < 0) in Eqs. (2)-(3) to support our hypothesis (H2) that the impacts of mutual fund ownership on firm performance follow a concave (inverted-U) shape. To test our hypotheses (H3 (a) and (b)) on the incremental effects of mutual fund ownership over tunneling on firm performance, we interact the tunneling proxy TUL with the mutual fund ownership measures INS_PER and their squared values (INS_PER_2). We expect a positive coefficient on the interaction term TUL × INS_PER ( a 4 > 0) and a negative coefficient on the interaction term TUL × INS_PER_2 ( a 5 < 0)-i.e., a concave (inverted-U) shape of association.
We account for the effects of five corporate governance variables comprising: executive compensation (PAY), largest shareholder ownership (TOP_1), the percentage of independent director (IND), a dummy capturing firms with a larger supervisory board (DSUP_ NUM), and a dummy capturing the use of Big 4 auditors (BIG4) in our analysis. We take the natural logarithm of total compensation received by board of directors, supervisors and executives as a proxy for executive compensation. Consistent with agency theory, we expect executive compensation to be positively associated with firm performance in China (e.g., Conyon and He 2011; Firth et al. 2006 ). Shleifer and Vishny (1986) argue that the substantial shareholding of large shareholders can constrain managerial opportunism and improve performance in corporations with a large number of minority shareholders. Following Gul et al. (2010) , we include the largest shareholder ownership as measured by the percentage of shares held by the top shareholder (TOP1). Based upon the literature on the possible monitoring role of independent directors on executive board-level directors (e.g., Masulis and Mobbs 2014), we control for the percentage of independent directors on the board (IND). Listed firms in China have a supervisory board in addition to the main board of directors. Nonetheless, whether supervisory boards play an active and effective monitoring role in practice is inconclusive (e.g., Firth et al. 2007b; Jia et al. 2009; Xi 2006 ). To control for the possible impact of supervisory board on firm performance, we include a dummy equal to 1 if the number of supervisors in a firm is greater than the median value of our sampled firms in the current year (DSUP_NUM). Fan and Wong (2005) and Gul et al. (2010) find that Big 4 auditors help to protect minority shareholders in emerging
14 All of these five variables have been widely used in the literature to measure firm performance (e.g., Chen et al. 2008 Chen et al. , 2009 , among many others).
1 3 markets where firms normally have concentrated shareholding ownership structures, as Big 4 auditors may push their clients to disclose more detailed, higher-quality and timely firmspecific information. Therefore, we include a dummy indicating the use of Big 4 auditors by a firm to capture their monitoring effects (BIG4).
We further control for, and briefly describe below, eight firm-specific variables in Eqs. (2)-(3); these are the percentage of tradable shares (TS), a split share structure reform dummy (REFORM), market-adjusted stock returns (RET-ADR), a state dummy (STATE), leverage (LEVERAGE), sales growth rate (SGR), book-to-market ratio (BM), and firm size (SIZE). We use the percentage of tradable shares of a firm (TS) to measure the firm's freefloat shares in the stock market. The movement of share prices in the capital market matters more to firms with a larger proportion of free-float shares and, thus, might encourage controlling shareholders to improve firm performance (e.g., Kuo et al. 2014; Li et al. 2011) . As a consequence, Hou et al. (2012) and Kuo et al. (2014) find that the split share structure reform induces an incentive alignment effect of shifting the controlling shareholders' attention from maximizing their own benefits to maximizing firm value. Therefore, we control for the effects of the split share reform by including the REFORM dummy which is set to one for the period after a listed firm was chosen to complete the reform. Following Cornett et al. (2007) and , we control for prior year's market-adjusted stock returns (RET-ADR) that reflect the market's expectation of future firm performance and the likelihood that mutual funds select well-performing firms to invest in. Previous studies find that state ownership contributes to corporate operational inefficiency and thus is negatively associated with firm performance (e.g., Dewenter and Malatesta 2001; Gul 1999; . 15 Accordingly, we include a state dummy variable (STATE) to capture its effects on firm performance.
Whether and how leverage affects firm performance is inclusive in empirical findings for China (e.g., Qi et al. 2000; Sun and Tong 2003; , and thus we control for any possible impact of leverage by using total debt divided by total assets (LEV-ERAGE). Sales growth, which captures a firm's future growth prospects and investment opportunities, is found to be positively associated with firm performance for Canadian, European, and East Asian markets (Claessens et al. 2002; King and Santor 2008; Maury 2006) . As such, we include sales growth rate (SGR) as a determinant for firm performance, and we compute the ratio of changes in sales between year t and t − 1 divided by sales in year t as the proxy for sales growth rate. We also include the book-to-market ratio (BM) to account for the effect of market prospects, following Lie (2005) and Fan et al. (2007) . Firm size is found to have a negative impact on firm performance in China as larger firms may suffer from more agency problems, attract more bureaucratic intervention, and operate less efficiently than small firms (e.g., Sun and Tong 2003; . Accordingly, we control for firm size (SIZE) as measured by the natural logarithm of total assets in our models. Definitions of the variables used in this study are given in the "Appendix".
Unexplained tunneling behavior: the two-stage least squares (2SLS) analysis
We also adopt a two-stage regression procedure to mitigate the endogeneity concern that tunneling, mutual fund ownership, and firm performance might be affected by some 1 3 common factors such as ownership structure and firm characteristics. In particular, we examine whether mutual fund ownership is effective in improving performance for firms engaging in unexplained tunneling behavior. To do so, we examine whether mutual fund ownership remains effective in improving performance for firms engaging in unexplained tunneling behavior after controlling for common factors. Following Wang and Xiao (2011) , we first model tunneling as a function of its determinants as proposed by Jiang et al. (2010) and Jian and Wong (2010) , including largest shareholder ownership (TOP_1), state ownership (STATE), prior year's return-on-assets (ROA), leverage (LEVERAGE), book-to-market ratio (BM), firm size (FIRMSIZE), and lagged value of tunneling (TUL). The corresponding regression is:
The residuals from Model (4) capture the unexplained tunneling behavior conducted by controlling shareholders. In the second stage, we construct a dummy variable (UNEXP_ TUL), which equals to 1 if the unexplained tunneling is greater than the mean value of the sampled observations, and 0 otherwise. We re-estimate our Model (3) by replacing TUL with UNEXP_TUL, and re-examine our hypotheses.
Data and sample
Our sample comprises 15,131 firm-year observations, which represents 2430 listed firms on Shanghai and Shenzhen stock exchanges from 2003 to 2014. Our sample period starts from 2003 when the shareholder information became comprehensively available. The data used in our study are collected from the China Securities Market and Accounting Research (CSMAR) databases. In particular, we use the China Funds Market Research Database-Open-end-Funds and Close-end-Funds, a part of CSMAR, to collect data for mutual fund ownership which we define as the sum of open-end-fund ownership and close-end-fund ownership for each listed company. As mentioned above, we follow Jiang et al. (2010) to use 'other receivables' deflated by total assets to measure the tunneling through intercorporate lending. As a robustness check, we also adopt an alternative definition of tunneling based upon Wang and Xiao (2011) which is the cash transferred from listed firms to their controlling shareholders (TUL_LAR). The data for this variable is collected from China Listed Firms' Related Party Transactions Research Database in CSMAR. Table 1 provides descriptive statistics for all variables used in this study. In Panel A, we report similar mean and median values for the performance indicators ROA, ROE, ROS and Tobin's Q to those found in other studies on the Chinese markets that also adopt these performance measures (i.e., Jiang et al. 2010; Peng et al. 2011 ). Additionally, we report an average value of 0.029 on our additional operating performance indicator OPINC_MV. The mean value for our tunneling proxy (TUL), 0.027, is lower than the annual mean figures reported by Jiang et al. (2010) . This could be explained by different sample periods examined in these two studies. The CSRC acknowledged the severity of the tunneling problem and has issued a series of corresponding rules and regulations since 2001. In particular, one rule issued in 2005 targets controlling shareholders and requests all the loans reported (4)
in 'other receivables' from controlling entities and affiliates to be repaid by December 31, 2006. 16 Consequently, we expect tunneling to fall after 2005. Different from Jiang et al. (2010) and other prior studies on tunneling in China whose sample periods stop before or in 2005, our study investigates a much longer period to reflect the existence of tunneling activities after 2005 though at a smaller scale. However, the mean value of other receivables of firms' controlling shareholders (TUL_LAR) is 0.014, close to the results reported by Wang and Xiao (2011) . The average aggregate mutual fund holding is 4.7% of the total shares in issue (i.e., tradable plus non-tradable shares). 17 More than half of Chinese listed firms in our sample are state-owned enterprises, as the average of STATE is 0.558. The largest shareholder's ownership, TOP_1, has a mean (median) value of 38% (36%), suggesting the prevalence of the concentrated ownership structure amongst Chinese listed firms.
Panel B of Table 1 presents year-by-year summary statistics for the variable TUL which shows a declining trend of tunneling from 0.061 in 2005 to 0.023 in 2014. This confirms the effectiveness of the regulations on reducing tunneling. However, Jiang et al. (2010) conjecture that, in an environment with concentrated ownership structure and weak legal enforcement, regulations alone are not enough to prohibit tunneling. We show evidence supporting this argument. Table 2 reports the Pearson correlation coefficients for the variables used in the study. The results imply that the two mutual fund ownership measures (MF_PER and MF_MV_ PER) are both positively correlated with each of our adopted firm performance measures. Consistent with , we also find a significantly positive correlation between mutual fund ownership and firms' market-adjusted returns (RET_ADJ). This indicates that mutual funds either invest in firms with good future performance prospects or can improve firm performance. Furthermore, the tunneling proxy, TUL, has a significant and negative correlation with all firm performance measures except for Tobin's Q, which is consistent with Gao and Kling (2008) , Berkman et al. (2009), and Jiang et al. (2010) . In addition, there is a significant and negative correlation between mutual fund ownership and the tunneling proxy; this implies that mutual funds play a corporate governance role to restrict tunneling activities of Chinese firms. Overall, the correlation coefficients do not alert us to potential multicollinearity issues in our regression analysis. Table 3 provides the results of logistic regression models that we use to test whether mutual fund ownership can effectively mitigate the tunneling behavior of controlling shareholders in the Chinese listed firms. The dependent variable in these models is a dummy capturing whether a firm conducts heavy tunneling activities or not, DTUL. We report significantly negative coefficients on mutual fund ownership variables (MF_PER and MF_MV_PER), and significantly positive coefficients on the squared value of mutual fund ownership 16 Some of the top management of controlling entities who failed to resolve their loans by the deadline were arrested (Jiang et al. 2010 ). 17 Firth et al. (2010) show that mutual fund is the largest institutional investor in tradable shares (i.e., the average aggregate mutual fund holding is about 76% of all the institutional tradable shareholdings). To be comparable with other studies, we report the tunneling of all listed firm in the Chinese market year by year Table 2 Correlation matrix All variables are as defined in the "Appendix". Bold-font coefficients are statistically significant at the 0.05 level (MF_PER_2 and MF_MV_PER_2) in these models. 18 These results support H1 that mutual funds monitor controlling shareholders' behavior by preventing them from expropriating minority shareholders, whereas concentrated mutual funds are more likely to collude with controlling shareholders to conduct tunneling for their private interests. 19 Given the estimated values for the coefficients of the mutual fund ownership variables (MF_PER and MF_PER_2), we calculate the turning points of the relation between Table 3 Relation between mutual fund ownership and tunneling behavior All variables are as defined in the "Appendix". The sample period is between 2003 and 2014. The dependent variable is the likelihood of expropriation of the minority shareholder's interest by the controlling shareholder. This paper uses industry dummies to control for the industry effect according to the CSRC industrial codes, and controls for the year dummy as well. The coefficients and t-stats are computed using heteroscedasticity consistent standard errors. T statistics are in parentheses; *p < 0.1, **p < 0.05, ***p < 0.01 In untabulated results, we also replace the two mutual fund ownership variables and their squared values by their lagged values to avoid the potential endogeneity, and the results remain consistent. We also use the standardised value of the mutual fund ownership variable and rerun the estimations as a robustness check.
Empirical results
Tunneling behavior and mutual fund ownership
The results remain materially unchanged. 19 We also replace the heavy tunneling dummy, DTUL, with value of tunneling, TUL, for the dependent variable. The results remain materially unchanged. For brevity, the results are not reported here but are available upon request.
1 3 mutual fund ownership and the heavy tunneling dummy, DTUL, and find the values of the turning points to be within a range of 15-20% across different model specifications. 20 Nonetheless, the estimated 'turning point' should not be over-interpreted, as no theoretical prediction exists in relation to the specific ownership level at which this will occur. Rather, it is an empirical outcome by assuming the co-existence of the monitoring and private interest incentives of mutual funds. More importantly, the existence of the turning points supports the prediction of this study and provides evidence contrary to the linear prediction of monitoring effects of mutual funds as documented in prior literature. Table 3 shows that the estimated coefficients on the ownership of largest shareholder (TOP_1) are significantly negative at the 1% level. This is consistent with Jiang et al. (2010) and implies that a firm with larger controlling shareholder ownership is less likely to engage in heavy tunneling. The coefficients on the dummy capturing state-owned firms (STATE) are positive and significant at the 1% level. This evidence is consistent with stateowned firms being more likely to tunnel large resources out of a company as reported by Jian and Wong (2010) . Also, similar to Jiang et al. (2010) and Wang and Xiao (2011) , controlling shareholders' tunneling decreases with prior firm performance (ROA_LAG) and size (FIRMSIZE), but increases with firm leverage (LEVERAGE) and growth prospects (e.g., lower BM). Table 4 shows the results of the regression models used to test our H2 when MF_PER is employed as the measure of mutual fund ownership. The results show that the positive coefficients of mutual fund ownership are significant at the 1% level across all regressions and the negative coefficients of their squared values are significant across all the firm performance measures adopted, except for TOBIN_Q. The finding supports our H2 of a concave relationship between mutual fund ownership and firm performance. The results suggest that an increase in mutual funds can enhance the effectiveness of their monitoring effect and in turn improve firm performance, while concentrated mutual funds collude with corporate controlling shareholders and in turn reduce their firm's value when their shareholding is higher than a threshold level. 21 We also calculate the turning points of this concave relationship across various model specifications, and find that the value ranges from 16% to 26% of mutual fund ownership. 22 Regarding the results of the control variables, the coefficient of CEO compensation (PAY) is positive and significant for all performance measures except for Tobin's Q. This is consistent with prior studies (e.g., Conyon and He 2011; Firth et al. 2006 Firth et al. , 2007a Ozkan 2011; Shleifer and Vishny 1997) and implies that CEO compensation serves as an effective motivation for the CEO to improve firm performance. We find that, consistent with the 20 In our sample, approximately 22% (14%) of companies have a mutual fund ownership of 15% (20%) or above. 21 On page 476 of Petersen (2009) , it gives suggestions on how to identify whether firm/time/both effect(s) exist in dataset before choosing a suitable estimation approach. Following these suggestions, in untabulated results, we find that standard errors clustered by firm are larger than white standard errors. This indicates the existence of firm effect and thus it is suitable to use firm fixed effect estimation approach or standard errors clustered by firm, as the Fama-MacBeth standard errors would be biased. 22 In our sample, approximately 8.5% of companies have a mutual fund ownership of 26% or above. Table 4 Relation between mutual fund ownership and firm performance All variables are as defined in the "Appendix". The sample period is between 2003 and 2014. The dependent variables are the proxies of firm performance, which are represented by ROA, ROE, ROS, TOBIN_Q and OPNIC, respectively. To reduce the effects of multicollinearity, the component variables of the interaction terms are standardized before being entered into the regression analysis. This paper uses industry dummies to control for the industry effect according to the CSRC industrial codes, and controls for the year dummy as well. The coefficients and t-stats are computed using heteroscedasticity consistent standard errors. T statistics are in parentheses; *p < 0.1, **p < 0.05, ***p < 0.01 1 3 literature, the ownership of the largest shareholder (TOP_1) is positively associated with firm performance. 23 We report mixed findings for the impact of independent directors on firm performance, as the signs and significance of coefficients on the percentage of independent directors (IND) are sensitive to the definition for firm performance. The existence of a larger supervisory board and the recruitment of Big 4 auditing firms are, in general, positively associated with firm performance. More tradable shares (TS) in the ownership structure are positively associated with Tobin's Q, implying the possibility of overvaluation for these shares, but are negatively associated with all other firm performance measures. The reform dummy is positively associated with firm performance measures except for Tobin's Q, implying that the reform improves firm performance by converting non-tradable shares to tradable shares. Consistent with , firms with a higher marketadjusted return in prior year (RET_ADJ) is more likely to show a better performance for all measures. Accordingly, the inclusion of prior year's stock return could mitigate the concern that mutual funds choose to invest in firms with good prospects . In addition, we find that state-owned firms and firms with higher leverage are less likely to achieve a better performance, whereas firms with good growth and market prospects, as captured by higher sales growth rate and lower book-to-market ratio are more likely to realise a better performance than other firms in general. Similar to the findings of Chen et al. (2009 ), Firth et al. (2006 and Wu et al. (2012) , firm size is positively and significantly associated with all firm performance measures except for Tobin's Q. Table 5 displays the results of the regression models that we use to test H2 and H3 (a) and (b). To reduce the effects of multicollinearity, the component variables of the interaction terms between the tunneling measure (TUL) and the mutual fund ownership measures are standardized before being entered to the regression analysis, following Jaccard et al. (1990) .
Mutual fund ownership, tunneling and firm performance
Our second hypothesis (H2) is supported by the significantly positive coefficients of the mutual fund ownership variables and the significantly negative coefficients of their squared values across all adopted firm performance measures. The non-linear association between mutual fund ownership and firm performance is consistent with our expectations that mutual funds have the ability and incentives to monitor corporate management and thus to improve firm performance; but that concentrated mutual funds would be more likely to collude with corporate management or controlling shareholders rather than playing a guardianship role to protect minority shareholders, which leads to a decline of firm value.
In line with previous studies, we find that the tunneling severity is negatively associated with firm performance, as the coefficients of TUL are significantly negative at the 1% level across all employed models except for Tobin's Q. Moreover, consistent with our conjecture, we report significantly positive coefficients on the interaction terms of TUL and mutual fund ownership measures, and significantly negative coefficients on the interaction terms of TUL and the squared values of mutual fund ownership indicators. The results are robust for all adopted firm performance measures, and thus support our H3 (a)-that the external monitoring of mutual fund ownership is exogenous and generates more improvement in performance for firms with more tunneling activities, and H3 (b)-that the incremental effect of mutual fund ownership over a firm's tunneling activities on a firm's performance 23 We also include the Herfindahl index calculated as the sum of the squared percentage of shares held by the top 10 shareholders (HERF) in the regressions, as used by Aggarwal et al. (2015) and Firth et al. (2016) . The results are materially unchanged. For brevity, the results are not reported but available upon request. Table 5 Relation between mutual fund ownership, tunneling behavior and firm performance All variables are as defined in the "Appendix". The sample period is between 2003 and 2014. The dependent variables are the proxies of firm performance, which are represented by ROA, ROE, ROS, TOBIN_Q and OPNIC, respectively. To reduce the effects of multicollinearity, the component variables of the interaction terms are standardized before being entered into the regression analysis. This paper uses industry 1 3 is concave. 24 As a result, below a certain threshold, mutual funds have a more positive effect on firm performance when firms suffer from heavier tunneling. However, when passing the threshold, mutual funds have a more negative effect on firm performance if these firms engage in more severe tunneling activities. 25
Unexplained tunneling
In this section, we discuss our results based upon the two-stage least-squares (2SLS) approach to mitigate the endogeneity concern that tunneling, mutual fund ownership, and firm performance might be affected by some unobservable factors. Panel A of Table 6 reports the first stage estimation results based upon Model (4), with the residual capturing the unexplained tunneling (UNEXP_TUL). The coefficient on TUL_LAG is significantly positive, suggesting that controlling shareholders conduct tunneling persistently over time.
In panel B of Table 6 , we report the second-stage estimation results based upon Model (3) by replacing TUL with unexpected tunneling. The coefficients on the mutual fund ownership measure (MF_PER) are positive and significant, and the coefficients on the squared value of mutual fund ownership variable (MF_PER_2) are in general negative and significant (except when using Tobin's Q to measure firm performance). The coefficients on the interaction term between UNEXP_TUL and MF_PER are significantly positive across all firm performance indicators, while the coefficients on the interaction term between UNEXP_TUL and MF_PER_2 are consistently negative, but significant when using ROA, ROE and OPNIC as firm performance measures. 26 Overall, these results support our conclusion that mutual fund ownership can be effective in monitoring firm management and thus improving firm performance, and this effect is stronger within firms with severe tunneling, as long as mutual fund ownership does not pass a certain threshold.
Other robustness checks
In this section, we adopt several checks to examine the robustness and sensitivity of our results. These include the adoption of an alternative proxy for tunneling, the employment of industry-adjusted firm performance measures, the use of firm fixed effects, the inclusion dummies to control for the industry effect according to the CSRC industrial codes, and controls for the year dummy as well. The coefficients and t-stats are computed using heteroscedasticity consistent standard errors. T statistics are in parentheses; *p < 0.1, **p < 0.05, ***p < 0.01 
Alternative measurements of the tunneling proxy
Although Jiang et al. (2010) and Li (2010) suggest that firms' overall other receivables obtained from the financial statement can approximately represent firms' tunneling activities, a few other studies adopt alternative measures to capture such behavior. For example, Ye (2006) and Wang and Xiao (2011) manually collected other receivables of controlling shareholders and their affiliates from the footnotes of financial statements to proxy for tunneling. Therefore, we also adopt this definition of tunneling by using other receivables of controlling shareholder as identified by the China Listed Firms' Related Party Transactions Research Database in CSMAR. The correlation matrix in Table 2 shows a significant The dependent variables are the proxies of firm performance, which are represented by ROA, ROE, ROS, TOBIN_Q and OPNIC, respectively. This paper uses industry dummies to control for the industry effect according to the CSRC industrial codes, and controls for the year dummy as well. The coefficients and t-stats are computed using heteroscedasticity consistent standard errors. T statistics are in parentheses; *p < 0.1, **p < 0.05, ***p < 0.01 1 3 positive relation between other receivables from a firm as a whole and from controlling shareholders only. This implies a reasonable substitution for these two measures as the proxy of tunneling as documented in the literature. The results reported in Table 7 compare well to those reported in Table 5 and thus support our conjecture that the exogenous effect of mutual funds' monitoring can effectively constrain the tunneling behavior of controlling shareholders and in turn improve firms' performance. The improvement is seen more in firms with higher tunneling, but becomes weaker after a certain threshold level. Jiang et al. (2010) and Wang and Xiao (2011) (2011), Wang and Xiao (2011) include a marketization index as one of the determinants for tunneling to capture the development of the regional market in which the firm is located. As a robustness check, we add in this variable and redo the analysis by adopting a shorter sample period from 2003 to 2009, given that the index is only available until 2009. The results reported in Table 8 are generally consistent with our previous findings. 27 Jiang et al. (2010) argue that mutual fund managers may select firms with fewer tunneling activities to be included in their investment portfolios to gain higher returns. As a consequence, we further examine the causal relationship between the tunneling behavior and mutual fund ownership over our whole sample period using panel vector autoregression with GMM estimation, although we already control for the impact of stock returns or tunneling at t − 1 in the previous regressions. 28 We use firm size and return-on-assets and their combinations with two or all of the following variables including Top_1, leverage, and Book-to-Market ratio as various sets of control variables in the VAR system. The results reported in Table 9 show that the changes in mutual fund ownership would Granger-cause the changes in tunneling behavior, but the null hypothesis that tunneling does not Grangercause mutual fund ownership is only rejected in one of the tests (based upon p < 0.05).
Re-estimating the unexplained tunneling
Endogenous or exogenous effect of mutual fund ownership
action terms are standardized before being entered into the regression analysis. This paper uses industry dummies to control for the industry effect according to the CSRC industrial codes, and controls for the year dummy as well. The coefficients and t-stats are computed using heteroscedasticity consistent standard errors. T statistics are in parentheses; *p < 0.1, **p < 0.05, ***p < 0.01 27 We also use the market value of mutual fund and industry-adjusted firm performance proxies together with MARKETIZATION INDEX to test our H2 and H3 (a) and (b) and the results are materially unchanged. For brevity, the results are not reported but available upon request. 28 We use the value of AIC to decide the number of lags for the variables in the VAR system. − 0.722*** − 1.532*** − 2.092*** 5.482*** − 0.833*** (− 6.164) (− 5.908) (− 6.011) (2.611) (− 9.069) UNEXP_TUL − 0.013*** − 0.033*** − 0.042*** − 0.004 − 0.010*** (− 6.189) (− 6.965) (− 6.363) (− 0.230) (− 6.035) UNEXP_TUL* MF_PER 0.234*** 0.397*** 0.487*** − 0.614 0.226*** (4.791) ( 
Conclusion
Extant studies indicate that mutual funds play an effective corporate governance role in protecting minority shareholders' interests in the developed markets. However, the corporate governance role of mutual funds remains inconclusive and questionable in the emerging market context. Despite the fact that China experienced rapid growth of mutual funds in the last decade, whether and, if so, how mutual fund ownership improves firms' performance in the Chinese market remains unclear. Since the Chinese market has a less developed legal system, weak investor protection and high ownership concentration, the main agency issue in such a market is the tunneling behavior conducted by controlling shareholders that expropriates minority shareholders. Unlike the situation in the US, the governance mechanisms of the mutual funds industry in China remain weaker. Consequently, our study finds that mutual funds can reduce the likelihood of tunneling behavior of controlling shareholders and enhance firm performance, and thus, serve as an effective external governance mechanism as long as the ownership of mutual funds does not exceed a certain point. In addition, we find that mutual fund managers with highly concentrated ownership are more likely to collude with controlling shareholders to expropriate minority shareholders for their own interests and, consequently, diminish firm performance. Furthermore, regarding the moderating effect of mutual fund ownership, our results show that the monitoring effects of mutual funds are stronger for firms that are more likely to suffer from agency problems-i.e. firms experiencing more tunneling activities of controlling shareholders-but the monitoring effects of concentrated mutual funds are weakened. Apart from the timeliness and relevance of the subject, our paper adds to the limited body of literature on the governance role of mutual funds in emerging economies in general and in China, in particular. Moreover, our findings offer useful insights and policy implications to policy makers and regulators for the development of mutual funds in China and other emerging markets. In particular, the authorities may consider setting policies or regulations that can strike a balance between promoting mutual funds as a corporate governance mechanism and achieving the monitoring effects while facing the challenges of high levels of ownership concentration, a less developed legal system, and weak minority shareholder protection. Finally, the question about whether the foreign mutual funds can have stronger monitoring effects than domestic mutual funds on controlling shareholders' expropriation in the emerging market context is beyond the scope of this study but could be of interest to future researchers.
Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creat iveco mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
3 DTUL_LAR
A dummy variable assigned to 1 if firm's TUL_LAR is over current year median value, and 0 otherwise PAY Natural logarithm of total compensation received by board of directors, supervisors and executives TOP_1
Percentage of shareholdings held by the largest shareholder IND
The ratio of independent directors on the board DSUP_NUM A dummy variable assigned to 1 if the number of supervisors in a firm is above the median value of our sampled firms in the current year and 0 otherwise BIG_4
A dummy variable assigned to 1 if a listed firm is audited by one of the international Big Four audit firms or their joint ventures in China, and 0 otherwise TS
The ratio of tradable shares divided by total shares REFORM Dummy variable equal to 1 for the period when a listed firm was chosen to complete the SSSREF, 0 otherwise RET_ADJ Market-adjusted annual stock return, which is the difference between firm's stock return and annual market stock return STATE A dummy variable equal to 1 if the state shareholder is the largest shareholder, and 0 otherwise LEVERAGE Leverage calculated as total debt divided by total assets SGR The ratio of change of sales divided by sales of current year BM Book-to-market ratio calculated as book value of common equity over market capitalization FIRMSIZE Firm size computed as the natural logarithm of total assets MAK A comprehensive index measuring the development of the regional market in which the firm is registered (see Fan and Wang 2011) , where higher values indicate greater regional market development
